abstract OBJECTIVE: To develop guidelines for performing an initial skeletal survey (SS) for children ,24 months of age presenting with bruising in the hospital setting, combining available evidence with expert opinion.
WHAT'S KNOWN ON THIS SUBJECT:
Bruising is common in young victims of physical abuse as well as in cases of accidental trauma. There is uncertainty regarding which young children with bruising require evaluation with skeletal survey for possible abuse.
WHAT THIS STUDY ADDS:
The results of this study provide guidelines, based on the literature and knowledge of experts, for identifying children ,24 months presenting for care in the hospital setting with bruises, who should and should not undergo skeletal survey. Bruising is the most common injury experienced by young victims of physical abuse. 1 Although abusive bruising usually does not require medical intervention, bruising may be the only visible sign of serious injuries, such as fractures or traumatic brain injury. 2, 3 Abusive bruising also is a frequent precursor to more severe forms of physical abuse, including fatal head trauma. [4] [5] [6] Accurate recognition and evaluation of abusive bruising can lead to identification of additional injuries requiring treatment and allow for intervention and prevention of further injury. 3, 4, 6, 7 Performing an evaluation for suspected physical abuse is, however, not without risks and should not be performed if abuse is unlikely.
Evaluation for suspected physical abuse in injured children ,2 years old requires performance of a skeletal survey (SS), a series of ∼20 radiographs, to diagnose occult fractures. 8, 9 Although SSs expose children to radiation and contribute to costs, identification of occult fractures can prompt changes to medical treatment and inform the decision to diagnose abuse. 9, 10 In 1 study, nearly 10.8% (76 of 703) of initial SSs performed due to concerns for possible abuse revealed occult fractures. 10 In one-half of cases with occult fractures, results from SS influenced clinicians' decisions to diagnose abuse. A similar study reported that SSs revealed additional fractures in 13% (124 of 930) of children ,2 years old evaluated for suspected abuse. 11 Even higher incidences (25%-30%) of occult fractures have been reported in studies of children ,2 years old diagnosed with physical abuse. 12, 13 Given the substantial likelihood of occult fractures in young victims of physical abuse, the American Academy of Pediatrics recommends performing SS in all cases of suspected physical abuse in children ,2 years old, but not in cases in which abuse and occult fractures are unlikely. 8 Identifying which children with bruising warrant an evaluation for abuse and SS can be challenging, especially in mobile older infants and toddlers who frequently experience accidental bruising. 14, 15 Several studies have identified characteristics of bruises associated with abusive versus accidental injury, but clear guidelines for clinicians regarding when to perform an initial SS for abuse in young children with bruising have not been developed. 1, 16 Accordingly, the goal of this study was to develop guidelines for performing initial SS in children ,2 years old presenting with bruising. This set of guidelines focuses on children presenting for care in a hospitalbased setting, primarily the emergency department or the inpatient unit, and may not be applicable to children presenting in the primary care setting.
METHODS
We applied the Rand/UCLA Appropriateness Method to identify clinical scenarios in which initial SS is appropriate and scenarios in which initial SS is necessary as well as appropriate. Details on the application of the Rand methodology to identify scenarios in which SSs are inappropriate, appropriate, or necessary for children ,2 years was previously described by Wood and colleagues. 17 The Rand methodology, a modified Delphi process, informs clinical decision-making by combining expert opinion with evidence from the literature to qualify the benefit-harm ratio of tests and screening procedures for varying clinical scenarios. Unlike similar consensus methods, Rand methodology provides the experts with an opportunity to discuss their judgments, and has been shown to have high content, construct, and predictive validities for developing appropriateness criteria. [18] [19] [20] [21] A procedure is appropriate for a clinical scenario if the expected health benefit exceeds the expected negative consequences "by a sufficiently wide margin to make it worth doing, exclusive of cost." 21 A procedure deemed appropriate can also be considered necessary if it meets these additional criteria: (1) not offering the procedure would be improper, (2) there is a reasonable chance that the procedure will benefit the patient, and (3) the magnitude of the benefit is not small. 21 Per Rand protocol, we (1) compiled literature reviews on bruising, SSs, and suspected abuse; (2) generated a set of clinical scenarios characterizing children with bruising for whom SS might be considered; and (3) convened a panel of medical experts (Fig 1) . 17 The subsequent sequential phases of scenario rating are as follows: (1) panelists rated the appropriateness of SS for each clinical scenario (Round 1); (2) panelists reviewed the Round 1 ratings and made revisions to scenarios during a moderated discussion; (3) panelists re-rated the appropriateness of SS for the revised scenarios (Round 2); (4) we categorized SS as appropriate, uncertain, or inappropriate for respective scenarios based on Round 2 ratings; (5) panelists rated the necessity of SS in scenarios for which SS was categorized as appropriate (Round 3); and (6) we categorized scenarios for which SS was deemed appropriate as necessary or unnecessary for SS based on Round 3 ratings. The Children's Hospital of Philadelphia's Institutional Review Board exempted this study as non-human subjects research.
Literature Review
The expert panel received the results of a comprehensive review of the features of bruises indicative of abuse that was published in 2005 by Maguire and colleagues, and an update to that review published in 2013. 14, 22 These reviews were supplemented with a literature review on the efficacy, risks, utilization patterns, costs, and risks of SS in children with suspected abuse. This supplemental review was performed in PubMed/Medline of English-language journals published between 1990 and 2011, and excluded surveys, reviews, editorials, and case studies. This supplemental review identified 18 relevant articles from which data were abstracted and summarized for the expert panel. [10] [11] [12] [13] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] 
Expert Panel Assembly
We recruited 10 experts from key pediatric fields, including child abuse, emergency medicine, and inpatient pediatrics (Supplemental Information) after identifying candidates through the following mechanisms: (1) nominations, including self-nominations, from individuals with leadership roles in national professional organizations; (2) review of the literature to identify individuals publishing in the field; and (3) and solicitations of recommendations from colleagues. Selection purposively ensured diversity of clinical views across specialty, practice location, gender, and years in practice. 21, 37, 38 Appropriateness Criteria: Development of Scenarios and Round 1
We generated a list of 198 clinical scenarios characterizing children with bruising for which SS might be considered based on review of the literature. The clinical scenarios included a wide range of patients who might present with bruising and explored the role of the following parameters, which were identified based on review of the literature, on the decision to obtain SS in a child with a bruising: (1) child's age (,6 months, 6-,9 months, 9-,12 months, and 12-,24 months); (2) caregiver's reported history of trauma to explain bruising (none, fall, rough play by peer, and accidentally hit with object); (3) location of bruise(s); (4) number of bruises; and (5) type of bruising (patterned or nonpatterned). The scenarios were presented by using a Web-based questionnaire developed in Research Electronic Data Capture hosted at Children's Hospital of Phildadelphia. 39 Scenarios were pilot-tested with physicians outside the panel for clarity and modified as needed.
Each panelist received, via E-mail, an introduction, an electronic link to the questionnaire, literature review results, and standard instructions on rating the appropriateness of performing initial SS for each scenario on a Likert scale of 1 to 9, with 1 = Extremely Inappropriate, 5 = Uncertain, and 9 = Extremely Appropriate. Panelists were advised to use evidence from the literature review and their own clinical judgment to rate SS appropriateness considering the average patient who presents for care with conditions specified in each scenario. We asked panelists to make the following assumptions unless otherwise specified in the scenario: (1) patient is not a victim of a motor vehicle crash or other independently witnessed accidental trauma, (2) there is no known history of underlying bleeding disorder (eg, hemophilia, von Willebrand disorder), (3) physical examination does not reveal additional injuries suggestive of abuse (eg, whip marks, burns, frenulum tears), and (4) there is not a history of birth trauma explaining the bruising. In the first round, panelists rated the appropriateness of SS for each bruise scenario independently, without interaction with other panelists.
Appropriateness Criteria Rating: Moderated Conference Call, Rounds 2 and 3
In preparation for Round 2, each panelist received an anonymized summary of the distribution of the panel's ratings and their own individual ratings for each scenario from Round 1. During a moderated telephone conference, panelists discussed the ratings focusing on scenarios in which there was disagreement. If the description of a scenario was ambiguous, panelists proposed and voted on modifications. WOOD et al
Based on consensus at the conference, we modified some bruise location categories. We also condensed groups of multiple scenarios with similar ratings into single scenarios. For example, panelists rated SS as "appropriate" for all scenarios involving bruising in infants ,6 months old with no history of trauma regardless of the bruise location, and they agreed to collapse these scenarios into a single scenario. Based on feedback from the panelists, scenarios with a reported history of accidental trauma were modified to specify that the child presented for care specifically for evaluation of trauma and bruising. An additional set of scenarios was added for bruising noted during an evaluation for unrelated medical concerns (eg, pneumonia) and where, on questioning, a history of accidental trauma was provided by the caregiver. Revisions proposed during the moderated discussion resulted in a revised list of 219 scenarios. In Round 2, the panelists independently rated the appropriateness of SS for each of the 219 revised scenarios.
For each scenario from Round 2, we calculated the median rating (rounded to the nearest whole number) and the dispersion of ratings. Per Rand/UCLA methodology, we classified scenarios for which ratings of 3 or fewer panelists were outside each 3-point region containing the median (1-3, 4-6, or 7-9) as having agreement (eg, median = 7 and 3 or fewer panelists' ratings were ,7), and scenarios for which 4 or more panelists' ratings were in each extreme (1-3 and 7-9) as having disagreement (eg, median = 7, at least 4 panelists' ratings were between 1 and 3). 27 Scenarios with median ratings of 7 to 9 without disagreement were categorized as "appropriate," and those with median ratings of 1 to 3 without disagreement were deemed "inappropriate." Scenarios with median ratings of 4 to 6 or any median with disagreement were categorized as "uncertain."
In Round 3, panelists independently rated the necessity of SS for scenarios that were classified as appropriate in Round 2. Scenarios with median ratings of 7 to 9 without disagreement were categorized as "necessary" and those with median ratings of 1 to 3 without disagreement were categorized as "appropriate but not necessary." Median ratings of 4 to 6 or any median with disagreement were categorized as "appropriate but uncertain whether necessary." Summary guidelines were synthesized by the study team based on categorizations of scenarios from Rounds 2 and 3.
RESULTS
Panelists agreed that initial SS is appropriate for 62% (136), uncertain for 18% (39) , and inappropriate for 20% (44) of 219 revised scenarios rated in Round 2 (Tables 1-3 ). For 37 of 39 scenarios categorized as uncertain, panelists agreed that there was uncertainty about the appropriateness of SS, whereas there was disagreement in 2 scenarios. Of the scenarios for which SS was deemed appropriate, SS was confirmed necessary for 95% (129/136) of scenarios. The panelists' ratings of these scenarios enabled the development of guidelines for conducting SS in children ,24 months old presenting with bruising (Fig 2) .
Confessed Abuse, Intimate Partner Violence, Additional Injuries, and Patterned Bruises
Panelists determined that SS is necessary for children ,24 months 
FIGURE 2
Summary of key SS guidelines for examination in the emergency department or inpatient setting of children ,24 months old with bruising.
old with bruising from reported abuse or intimate partner violence (Table 1) . SS was also deemed necessary for all children with additional injuries unrelated to the bruising (specifically, burns, whip marks, frenulum tears) or with patterned bruises (ie, bruises having the imprint of an object), regardless of any history of trauma. When reported abuse or intimate partner violence, additional injuries, and patterned bruises were absent, the appropriateness and necessity of SS was determined by the child's age, reported history of accidental trauma, number of bruises, and location of bruises, as presented in the following paragraphs.
Bruising in Young, Nonmobile Infants (,6 months old)
Panelists agreed that SS is necessary in infants ,6 months old with bruising, regardless of the number and location of bruises, except in infants presenting with a history of a fall and a single bruise located on the head T-shaped zone (forehead, upper lip, chin), frontal scalp, or extremity bony prominence (Tables  2 and 3) .
Bruising in Young, Premobile Infants (6-,9 months old)
In infants 6 to ,9 months old, the panelists deemed SS necessary, regardless of the provided history of trauma, if there were multiple bruises or if bruising was located on the cheek/eye area, upper arm, upper leg, ear, neck, torso (abdomen/chest/ buttocks/genitalia), hand, or foot (Tables 2 and 3 ). The appropriateness and necessity of SS for infants with a single bruise in other locations varied depending on the history provided.
Bruising in Young, Mobile Infants (9-,12 months old)
Panelists judged SS to be necessary in infants 9 to ,12 months old if the bruise was located on the cheek/eye Summary of panelists' ratings on clinical scenarios related to presentations of children ,24 mo old with a solitary bruise. A, SS appropriate but not necessary; I, SS inappropriate; N, SS appropriate and necessary; U, uncertain whether SS is appropriate or not. a In the scenarios presented in the first column ("None"), no history of trauma is provided. For scenarios in columns 2-4, the child presents for medical care with the listed caregiverreported history. In the fifth column, the child presents for unrelated medical concerns, is noted to have bruising on physical examination, and on questioning, the caregiver provides a history of previous accidental trauma. b Head T-shaped area includes the forehead, upper lip, and chin. c Torso area includes chest, abdomen, back, genitals, and buttocks.
area, upper arm, upper leg, ear, neck, torso, hand, or foot, regardless of the history of trauma provided (Tables 2  and 3 ). They considered SS to be of uncertain appropriateness or even inappropriate in cases with a single bruise on the head T-shaped zone (forehead, upper lip, chin), scalp, or extremity bony prominence and in cases involving multiple (2-4) bruises on bony prominences. The presence of more than 2 bruises not limited to bony prominences, however, led panelists to judge SS as necessary.
Bruising in Young Toddlers (12-,24 months old)
Routine initial SS was deemed inappropriate in children 12 to ,24 months old with a single bruise located on the head T-shaped zone (forehead, upper lip, chin), scalp, or extremity bony prominence. SS was deemed necessary in children in this age group with a single bruise only if the bruise is located over the ear, neck, torso, hand, or foot and if there is no history of trauma or a history of rough play or handling explaining the bruise. In most scenarios involving multiple bruises over the bony prominences, SS was deemed inappropriate. In cases of multiple bruises not limited to bony prominences, panelists determined that appropriateness varied with history of trauma provided (Tables 2  and 3) . Given the rarity of accidental bruising in young nonmobile infants ,6 months old, 40 the guidelines advocate for almost universal SS imaging in this population. Universal imaging in this population, however, is not currently the norm, as evidenced by the frequency of missed opportunities to diagnose abuse in young infants presenting with bruises. 4, 6 Previous research has suggested that injuryspecific and age-specific SS guidelines Only over bony prominences I I I I U Not just over bony prominences U N N N N Summary of panelists' ratings on clinical scenarios related to presentations of bruises, stratified by age. A, SS appropriate but not necessary; I, SS inappropriate; N, SS appropriate and necessary; U, uncertain whether SS is appropriate or not. a In the scenarios presented in the first column ("None"), no history of trauma is provided. For scenarios in columns 2-4, the child presents for medical care with the listed caregiverreported history. In the fifth column, the child presents for unrelated medical concerns, is noted to have bruising on physical examination, and on questioning, the caregiver provides a history of previous accidental trauma.
DISCUSSION
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at Mt Sinai School Of Med on March 28, 2015 pediatrics.aappublications.org Downloaded from could decrease disparities in care and increase abuse detection. 41 Our use of Rand methodology in this study is not without limitations. First, the opinions of our selected experts, although drawn from the fields of child abuse pediatrics, emergency medicine, and inpatient pediatrics, might not reflect the views of colleagues in their respective fields. Second, additional clinical details that were not included in the scenarios, such as the size or shape of the bruise, previous history of maltreatment, and observed caregiver-child interactions, might influence determinations of appropriateness and necessity of SS in actual clinical settings. Third, although the expert panel used a systematic review of the literature to inform their ratings, available evidence is limited. Thus, the panelists incorporated their own clinical experience and opinions in decision-making. Fourth, because the guidelines have not been validated, there is uncertainty about their accuracy in identifying those children with bruising at the highest risk of having occult fractures from abuse. Fifth, these guidelines were developed for the hospital setting without input from primary care clinicians, and the degree to which a primary care panel would equally endorse these guidelines is unknown.
Despite the limitations, these results provide detailed consensus guidelines for performing initial SS in children with bruising. The guidelines in this study are not intended to conflict with the recommendation of the Committee on Child Abuse and Neglect to perform SSs in cases of suspected physical abuse in children ,24 months old. 8 Instead, they are proposed as additional guidance to clinicians regarding when to order initial SS for young children with bruising. A logical next step would be to test the predictive performance of these expert-based guidelines. Recent research reporting occult fracture rates of 10% in children 24 to 36 months old evaluated by child abuse pediatricians for suspected abuse suggests that SS guidelines also may need to be developed for children $24 months old. 42 
CONCLUSIONS
A multispecialty panel of pediatric experts reached agreement on clinical bruising scenarios involving children ,24 months old in the hospital setting for which initial SS is appropriate and necessary, as well as scenarios for which SS is inappropriate, permitting synthesis of guidelines for performing initial SS in this population. Evaluation of these guidelines is needed to determine whether they can accurately distinguish children who are likely to have occult fractures from counterparts who are unlikely to have occult fractures, thereby increasing detection of cases of abuse while decreasing unnecessary use of SS. Recognizing that the population of children presenting to the primary care setting with bruising might differ from those presenting to the emergency department and inpatient settings, additional work must be done to develop and then validate guidelines specifically for the primary care setting.
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